INTRODUCTION
Breakfast cereals are ready-to-eat food prepared from cereals such as corn, wheat and rice, and are widely consumed in Western countries. Breakfast cereals are considered to have a nutritional advantage over other foods such as white rice or bread, especially when they are served with dairy products such as milk. In addition, breakfast cereals fortified with nutritional components including vitamins and minerals are now available on the market. They are expected to have various beneficial effects on the host (10, 12, 13, 15) .
It has been reported that intake of breakfast cereals can improve skin conditions of young people, with respect to acne, pores, redness and general skin tone (4) . However, the mechanisms involved in the improvement of skin conditions have not been clarified, although the improvement of the overall nutritional condition of the volunteer testers of breakfast cereals was obvious. On the other hand, it has been suggested that undesirable intestinal conditions such as constipation can cause an increase in the production of harmful substances including intestinal putrefactive products and might be responsible for skin troubles, although no direct evidence has been provided (11) .
In our previous study, the skin conditions of volunteers who ingested brown rice cereal fortified with vitamins and minerals improved, while the effects of wheat bran cereal were limited (5) . In the present study, the effects of these breakfast cereals on the composition of intestinal flora and intestinal environment were investigated in relation to their effects on skin conditions.
MATERIALS AND METHODS

Cereals
Two different types of breakfast cereals were used for the experiment. The nutritional qualities of the cereal products, Genmai Flake {KELLOGG (JAPAN) K.K., Tokyo} and All-Bran ® {KELLOGG (JAPAN) K.K.}, are listed in Table 1 . The major ingredient of Genmai Flake is brown rice and it is fortified with vitamins and minerals. All-Bran ® consists mainly of wheat bran and is particularly rich in dietary fiber.
Experimental design
Twenty-one female volunteers, aged 22 to 35, healthy but with skin problems, were recruited after informing them of the study protocol and methods. The volunteers were the same as in a previous study (5) . The experim ents were performed accord ing to t he Declaration of Helsinki. The volunteers maintained their usual diet and were given no dietary restrictions except for breakfast cereals, antibiotics, probiotics, fermented foods and well-known functional foods throughout the experiment. They recorded their daily meals and frequency of defecation by themselves. After a 2-week pre-feeding period, they were divided into 3 groups, the Genmai group, All-Bran group and control group. Age, skin conditions and body mass index of the volunteers were evenly distributed among the groups. For 2 weeks, the Genmai group and All-Bran group ate 40 g of the respective breakfast cereals twice a day, at breakfast and at lunch or supper, instead of their carbohydrate foods (feeding period). They, then, consumed their usual diet for the subsequent 2 weeks (post-feeding period). The control group ate their usual diet throughout the Table 2 . Composition of fecal flora of volunteers who consumed breakfast cereals.
Bacterial groups Period
Pre-feeding Feeding Post-feeding
Control group (n=6)
Total bacteria (7) 9.9 ± 0.4 (7) 10.1 ± 0.5 (7) Bifidobacteria 10.0 ± 0.4 (7) 9.9 ± 0.3 (7) 9.7 ± 0.7 (7) Eubacteria 9.6 ± 0.3 (7) 9.6 ± 0.5 (7) 9.7 ± 0.6 (7) Clostridia 8.0 ± 0.6 (7) 9.0 ± 0.7 (7) 9.4 ± 0.6 (7) Lactobacilli 6.9 ± 1.5 (6) 7.0 ± 1.5 (6) 6.3 ± 1.5 (4) Enterobacteriaceae 8.6 ± 0.7 (7) b 7.6 ± 0.5 (7) .0 ± 0.6 (6) 8.9 ± 0.5 (6) b Lactobacilli 6.6 ± 0.8 (4) 5.9 ± 1.6 (6) 5.7 ± 1.5 (5) Enterobacteriaceae 7.6 ± 1.3 (6) 7.7 ± 0.4 (6) 7.9 ± 1.1 (6) Streptococcaceae 7.4 ± 1.2 (6) 7.8 ± 1.3 (6) 7.2 ± 1.5 (6) experiment. Two volunteers, one in the Genmai group and one in the control group, could not complete the protocol for personal reasons including illness and were removed from the experiment.
Samples
At the end of each period, fresh feces were collected, placed in plastic bags with an oxygen absorber (AnaeroPack; Mitsubishi Gas Chemicals, Tokyo) and transferred on ice to the Laboratory of Veterinary Public Health, The University of Tokyo. Composition of fecal flora, fecal moisture, pH, activities of bacterial β-glucuronidase and β-glucosidase and concentrations of fecal putrefactive products and organic acids were measured.
Analysis
Composition of fecal flora and activities of β-glucuronidase and β-glucosidase were determined as described previously (2) . Fecal moisture was calculated from the weight difference before and after freezedrying. Fecal pH was measured with a pH meter by placing the electrode directly in the feces. The m e a s u r e m e n t w a s r e p e a t e d a t l e a s t 3 t i m e s . Concentrations of fecal putrefactive products were measured by HPLC (3). Concentration of ammonia was measured using a commercial kit (Ammonia Test Wako; Wako Pure Chemical, Osaka). Concentrations of fecal organic acids were measured by HPLC using the BTB post-column method (14) .
Skin conditions
Skin conditions of the volunteers were examined at the end of each period. Moisture, oiliness and elasticity of facial skin were measured and enlargement of the skin surface was observed. The details were described previously (5) .
Statistical analysis
Mean values were compared using Student's t-test. Statistical significance was taken as P<0.05.
RESULTS
Composition of fecal flora
No significant change was observed in the control group throughout the experiment. Populations of Enterobacteriaceae and Streptococcaceae decreased in all volunteers who consumed wheat bran cereal, and the mean concentrations decreased significantly from 8.6 ± 0.7 to 7.6 ± 0.5 and 8.4 ± 0.7 to 7.2 ± 1.2, respectively ( Table 2 ). The numbers of these bacterial groups increased when the consumption of wheat bran cereal was stopped but the population of Streptococcaceae remained low compared with the pre-feeding period. On the other hand, the effects of brown rice cereal on the composition of fecal flora were not obvious, while the numbers of Bacteroidaceae, eubacteria and clostridia decreased in the post-feeding period, causing a significant decrease in the concentration of total bacteria.
Intestinal environment
Fecal moisture decreased significantly during the consumption period of the wheat bran cereal (Table 3) . Feces from 4 out of 7 volunteers in the All-Bran group showed more than 80% moisture before consumption and the moisture decreased to the normal range in the feeding period. Consumption of the wheat bran cereal increased defecation frequency in 6 out of 7 volunteers (Fig. 1) , although the change was not statistically significant. Activity of β-glucosidase was significantly increased by consumption of the wheat bran cereal ( Table 3) . Concentration of ammonia decreased in 5 out of 7 volunteers in the All-Bran group at the end of the feeding period and inter-individual differences became small ( Table 3 ). The effects of consumption of the brown rice cereal were not obvious. Changes in fecal organic acid concentrations were not observed in any of the groups, while total organic acid concentration decreased slightly after consumption of the wheat bran cereal (Table 4) .
Skin conditions
Two-week consumption of brown rice cereal enhanced skin moisture (Table 5) . Brown rice cereal also improved the lattice structure of the sulcus cutis (data not shown). The consumption of wheat bran cereal improved skin conditions only slightly.
DISCUSSION
Consumption of breakfast cereals with different characteristics for two weeks had different impacts on the intestinal flora. The wheat bran cereal had obvious effects on the intestinal environment. The aerobic b a c t e r i a l g r o u p s , E n t e r o b a c t e r i a c e a e a n d Streptococcaceae, decreased significantly and the production of intestinal putrefactive metabolites decreased although the decrease was not statistically significant. Fecal moisture decreased significantly in the All-Bran group, mainly because soft or slightly diarrheal feces with a moisture content of more than 80% became normal with a moisture content between 70 and 80%. Most of the volunteers in the All-Bran group showed increased defecation frequency during the feeding period. Fecal β-glucosidase activity was also affected; it was significantly increased by the All-Bran ingestion. The wheat bran cereal used in this study contained a particularly high amount of dietary fiber. Ide et al. (5) analyzed the nutritional intake of volunteers and revealed that, besides an increase in intake of vitamins and minerals such as vitamin B 1 , B 2 and folic acid, dietary fiber intake increased with consumption of this wheat bran cereal. Mallet et al. (8) reported that dietary supplementation of wheat bran had an impact on rat cecal enzyme activities including a significant increase of β-glucosidase. They suggested that fiber-dependent changes in enzyme activity may alter the steady-state concentration of toxic and genotoxic chemicals in the lumen of the hindgut. Non-digestible food ingredients that selectively stimulate the growth and/or activity of beneficial bacterial group(s) are designated as prebiotics (1) and are known to have beneficial effects on the intestinal environment and host (6, 9) . The results of the present study suggest that the wheat bran cereal has a beneficial effect on maintaining the colonic flora in a healthier condition by increasing the amount of dietary fiber undigested in the upper digestive tract and entering the lower intestine, and stimulating a limited number of beneficial bacteria commensal to the colon. In the present study, we could not detect an obvious increase in the population of beneficial bacterial groups such as bifidobacteria. This could be because the volunteers who participated in this study were healthy young adults and already harbored sufficiently high concentrations of bifidobacteria at the start of the experiment. The skin conditions of volunteers were improved after (5) . Some of the vitamins, such as vitamin C, are known to play an important role in skin health including collagen structure (16) . Well-balanced contents of vitamins, minerals and dietary fiber in the brown rice cereal could be important for skin health. However, although the brown rice cereal also contains dietary fiber, the amount is much lower than that in the wheat bran cereal, and this was the reason why the effects of brown rice cereal on the intestinal environment were not obvious in the present study. It is known that absorption of toxic substances produced in the large intestine such as putrefactive products can lead to undesirable conditions in the host including skin diseases (7) . The prebiotic effects of the wheat bran cereal, i.e. improvement of intestinal environment, may have a beneficial effect on skin condition in the long run. In addition, effects of the brown rice cereal on the intestinal environment were observed in the post-feeding period, although no correlation between the effects on the intestinal environment and skin conditions was observed. Improvement of the host's condition by the wellbalanced nutritional level of the brown rice cereal may lead to improvement of the intestinal environment.
Long-term consumption of the breakfast cereals needs to be studied. Combinations of breakfast cereals with different characteristics such as those used in the present study should also be investigated.
